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Endothelium Dependent Effects of Halothane and Sevoflurane
on Isolated Rabbit Aortic Vascular Rings

Kyeong Tae Min, M.D., Won Oak Kim, M.D., Soon Ho Nam, M.D.
Jong Rae Kim, M.D. and Yon Hee Shim, M.D.

Department of Anesthesiology, Yonsei University College of Medicine, Seoul, Korea

This study was aimed to elucidate the endothelium-dependent vascular effects of halothane and
sevoflurane on rabbit aortic rings at two conventional concentrations(high induction and low maintenance
concentration in human). Isometric tension was recorded in isolated aortic rings. Preparations of rabbit
thoracic aorta were suspended in Krebs' buffer and aerated with 95% O; and 5% CO-. One set of the
rings had intact endothelium and the other set of the rings had endothelium mechanically denuded. In
the first experiments, the rings were precontracted with norepinephrine(NE) of 10”'M. After tension was
stabilized in 10~15 minutes following NE, halothane(1l, 2%) or sevoflurane(2, 4%) was bubbled with
0,/CO; gas mixture at increasing concentrations. In the second experiment, O,/CO: gas mixture
only(control rings), halothane 2% or sevoflurane 4 % with 0,/CO, gas mixture was bubbled for 10
minutes prior to and during contraction with NE of 10"M. After tension was stabilized following NE,
acetylcholine(10*-10° M) was added cumulatively. In the third experiment, the procedure was as same
as the second experiment except for that acetylcholine(10®-10°M) was substitued for nitroglycerin
(10°-10° M). The present study demonstated that both of halothane and sevoflurane at high concentration
caused a vasoconstriction to 110.7+4.2% and 122.4:£8.4% in vascular rings with intact endothelium,
and 106.1+1.9% and 118.3+3.5% in vascular rings with denuded endothelium, respectively, compared
to each control value of 100%. Furthermore, halothane and sevoflurane attenuated the acetylcholine
induced relaxing response in NE-precontracted vascular rings with intact endothelium, but did not affect
any change of tension in vascular rings with denuded endothelium. Halothane and sevoflurane did not
attenuate the nitroglycerin induced relaxing response in NE-precontracted vascular rings with both intact
and denuded endothelium.

In conclusion, halothane and sevoflurane at high concentration has vasoconstrictory effects on vascular
smooth muscles in rabbit aortic rings regardless of presence of endothelium and also attenuated the
endothelium-dependent relaxation. (Korean J Anesthesiol 1995; 29: 8~17)
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Halothane-2 F3 A4 AU 4744 ¥ ozt &, 7}
Aoz W HYTo| A7t FgE vlxn
neuroeffector FH3HollA] 2FAGe] HGox A&
stx gleh. Q) halothane®] chokdt 3 wb-g2 o}
HA FESG AN =E2H A7kl @l chEA
Uehdoha stda”. &3 Fafjoll = sevoflurane
2 halothaneo]L} isofluraneol] u)3l] Alupake] w3}
o} "kl A&y He Aoy dFo, sevo-
fluraneol] o3 Alub&aFol WisheE =yl A3l
i iz zge] 7haze] 7]Qlsled sevoflurane %
o wHzlol]l Wil o] = oo WHFaFo] WA
Hoka g’ FYukH AT Qe ¢S n)
Me 2oz Aol oYt GRE FLeAT
B FHETol A3 VAR olg Fadlr}
& ok BTU WS A4 WH olgh B
5% 4] &4, #elEcs AdEd HE 4
A Fu7t AFH3 Aok B3 €3 A E
i+ endothelium derived relaxing factor(EDRF)E %2}
slo] ik o]gtoll Jei®s}z EDRFE nitric oxides}
9% Rez AzsEm 9en”, Yol
EDRFe] %2 @@ $33 tatol| whet wishn?
3'-5’-cyclic guanosine monophosphateE ¥4 3} A] A 4]
Y3 FY2E oA Ao A

2 92 olu] Erl9 WH UMM sevoflu-
rane2] -8 7|Holl Fslo] B adt v} glon, B o
Folld = AFEs 31FEo)A halothaned} sevo-
fluraneo] E7]9] gl HIfME E4 |5
of wtE AY wgle] A g vinse] YWH
Aol vlxi & JAE ot uz 3t
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G FHglol MMEZQ~25 kg)o] FFEE 7
Al 71Asla §F AEWeE Aot A"Agl
¥ 55 T A5 ool 4T WS 2 Krebs
SoH(FAHAE, mM; NaCl 121, KCl 24, CaCl, 2.5,
MgSO, 1.2, NaHCO; 22, KH,PO: 1.2, glucose 11.2,
EDTA 003)Hol] Fo} A’ e ENE =4~y

A AgzAn AMzHE A F, 2~3 mm ¥
ol o g Eam, Y¥ HEL 15% =79 B
FEUAE 9P HY¥E 3~43] HoHA HAANA
P N ANEE AASRAL 95% A4t 5% o4t
Steb4yl B3 2L Fog A&FHo g FJ)so]
pH7} 742 $AEE 20 mig] 37T, Krebs 89Yo]
=?71 273 FZ(tssue bath)oll tE=¥hg Yol ¥ZF
B2 23 =29 vidd Jde ngel nAslia o
£ FEL LA 2ok stainless M Aol Ho] force
transducer(Grass FT03, Mass)oll «d733}31, polygraph
(Grass 79E, Mass)& %38 Ao 712558 3y
v} 2g9] kHAEH g 0BT QARAT T, o] 7]
7+t wl 15Eube} Krebs84g w¥hsigich ¥
Wal M ¥Ee] & {5 Furchgott®} Zawadzki'?e]
Well 2l3te] #Qlslgon, ou] Ao F nore
pinephrine(10°-10°Myell &t FE-5% We-& $3l
submaximal §3o2 107 ME& Fazm dGL3 e
AdE sl

1) Norepinephrine(NE)0f| 2|8 28Xl A&d0)f

Bt halothanel} sevofluraneQ} &

|
=

NE(107 M)2.2 $2A7|2 10~158% #3o] gt
Aesd, olufel AAS dizxz Hiin 95% 4
A9} 5% ol4kstels E¢trtA9t $H4 halothane(l, 2
vol%) e+ sevoflurane(2, 4 vol%)g %I F£2 =2
10~1587 78t AsEe FYulAA $Fo
F IS ERvtAYtE 53R olo] aFEe
FUokAAE Tt WHAE EA 5, 7
vt el Fxell o A4 w3} a8lm F oap3A
7rel A4 WE vl Zalck. A #HilE NEo|
s} A =X AL 100%2 3o, 4 A
Hol w3 E %2 FABI.

2) Halothane £ sevofluraneOQ| acetyl-cholin (Ach)
Ol of&t RIE A¥ Hsiol olXls A

zFor WAAE Edlzbe dEHgsd A
HAER AALD A =5 LT U
E Aol NE(10?T Mez #2371 ¥ Ach
(10%-10°M& FHHoz Fojstel FE-FH W
$g BR3Pt AYFLZE halothane2 vol%) =
<+ sevoflurane(4 vol%)-& EF71A9 7 1087} v]
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g E7147 ¥ AlE upHAE Foisle FeldlA
NE(107 M)e.g $ZA7]5 10~15 £¥% Ao} gt
A3=m Ach(10°-10° M)E FHAoR Koty
Aol e BFsct 2z 4YT EF
NEo| o3} ¢hgstd AHg 100%22 3lo] Achel
9% Ao Wg %2 EAB

3) Halothane £ sevofluraneO| nitroglycerin (NTG)
ofl ol WT = W3l 0lkl= Y

47179 Bdg wyez 49 &u, Ach Al
NTG(10°-10° M)& FHH oz Fosigict

BE AR HF + IFLNE Jgsded
W E Za 5o whg g wtel Ay 1ol
A9 F FduiAAIzEe A wWst g 49 2, 3]
Aol dzgy AYFE7e A3 #HHE  Student
independent t-test® stgl1, vl A FE8 Acholu}
NTG2] FXxol w& A= o] w3t oneway ANOVA
testE o] £33 SAIH 2197} gler] Duncan thE
H|ZE stk BRE FAIAAE p<0.05E 2ol E
Aoz st

A831 okA|Z = norepinephrine®}  acetylcholine-
SigmaA} A|#(Sigma Co., St Louis, MO)o] 1L nitrogly-
cerin -F ALY AHAE, g=x) AFoIHct Halo-
thane@} sevoflurane> YA AIFF 43 (A&, &)
AEL 7zt AL} em  halothane 7|3} 7] (Ohio
medical product, Madison, WN&} sevoflumatic TCV-7
{Aika Medical Co., Tokyo, Japan)& o] &3lo] %7]3}
9t

| o

1) NE 107 Mof| 2|38 S8 50| {8t halothane
I} sevoflurane®| HE

WA E EA -5 wE NE(107 Myol] &g 5
% F4E oA d2A Jetged, W AEst 9
= HEHEe 27l Hde AHe B ¥
olgkElmd Al 10-15FF ¢HEHA AEE Hlen, J
HAEL AARD U E2ylel Hof 5=
Aoz FAHUA SEF <A duir) AL
FAE A F GAZE Foll <kzhe] gFHo] oty
Rev $7kE A= U

W A E7} Exfsls o5 HE-2 halothane 1 F 2
vol% E7]%clle NESLZ $£2A7 ¥ k33 o
zZz Aol 1067127% U 109.0:20% 2 &5
o, sevoflurane 2 4 4 vol% £7]3Fell= H=Ex|
9] 110.7+42% % 1224+84% 2 $£Zx¢lc)h. =8t
W M E7E AAE FBAHS halothane 1| W 2
vol% e thzx|e] 104.8+20% 9 1128+38%%2 4
Zx5]9lon], sevoflurane 2 % 4 vol% + thzx9
106.1-19% 3 1183%35%2 +&FHAct F vla
A 2F NINE ZAETF BAIGe] FEol vl
glsle] FZ3lgict. AgEolde F vk3HA 2%
W7t EAsle g3telly 350 o silert o
EEAAE Wol7h AAs a4,
sevoflurane-> W=7} EAlsts Qo4 © FHs
Aot F upHAZe] AE wile dole HEFY
o gl%ltHTable | 9} Fig. 1, 4).

halothane-&

Table 1. Effects of Halothane and Sevoflurane on Tension of Rabbit Aortic Rings

Halothane Sevoflurane
1 % 2 % 2 % 4 %
Endo+ 106.7 £ 2.7(9)* 109.0+2.7(9)* 110.7 +4.2(11) 122.4 1 8.4(11)*
Endo- 104.8£2.0(14) 112.8 £3.8(14)*] 106.1 =1.9(11) 118.3 £3.5(11)*Y

All the values are percentile changes of norepinephrine 10’M induced tension and represent Mean + SEM. () represents
number of measurements. Endo+ and - represent intact and denuded endothelium, respectively. * and § represent
comparison versus control value(100%), and 1% halothane or 2% sevoflurane, respectively, P<0.05.
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Endo+

*
NE10™™™

Fig. 1. Tracings show the effect of sevoflurane (2% and 4%) on 10"M norepinephrine(NE) induced tension in isolated
rabbit aortic rings(upper-intact endothelium, lower-denuded endothelium).

Endo+

r A+ B+ 2 *
10? 5%10* 107 5x107 10*

Ach(M)

10 min

+
NE 10°M
Halothane 2%

Fig. 2. Isometric tension recording of the effect of hal-
othane 2% on acetylcholine induced relaxation in 10'M
NE-contracted rabbit aortic rings (upper-intact endothe-
lium, lower-denuded endothelium). After a tension by NE
was stabilized the vessels were relaxed with increasing
concentrations of Ach(10°-10°M). Prior to and during
contraction and relaxation process, vessels were exposed
to halothane 2%.

Endo+
Endo— 28 *» 2 4 [ )
10°10% 107" 10°°
10 min NTG(M)
»
NE 10M

Sevofiurane 4%

Fig. 3. Isometric tension recording of the effect of se-
voflurane 4% on nitroglycerin induced relaxation in 10°M
NE-contracted rabbit aortic rings (upper-intact endo-
thelium, lower-denuded endothelium). After a tension by
NE was stabilized the vessels were relaxed with increasing
concentrations of NTG(IO'Q-IOW). Prior to and during
contraction and relaxation process, vessels were exposed
to sevoflurane 4%.
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Table 2. Effects of Halothane and Sevoflurane on Acetylcholine Induced Tension Changes in Rabbit Aortic Rings

Acetylcholine(M)
10* 5x10? 107 5x 107 10

Control

Endo+(5) 99.2+0.7 75.4+3.5* 52.4+5.5* 22.0+3.9* 18.5t3.2*

Endo —(5) 101.0x1.3 101.0+1.9 101.0x2.6 103.5+34 105.8+39
2% Halothane

Endo+(9) 98.7+1.2 86.81t4.8 69.4+9.1* 47.5+8.3% 38.9+7.1%9

Endo —(6) 100.2+0.5 99.6*1.3 98.1+24 97.1£23 97.5*x23
4% Sevoflurane

Endo+ (8) 980+14 83.1+7.0 72.5+9.0* 46.217.6*4 38.9+6.6*1

Endo—(9) 101.0+0.8 1005+ 1.5 101.3+29 100.2+=54 101.9+5.8

All the values are persentile changes of norepinephrine 107 M induced tension and represent Mean=* SEM.
( ) represents number of measurements. Endo+ and - represent intact and denuded endothelium, respectively.
*: vs control value(100%) of 107 M NE induced tension by repeated measured oneway ANOVA, P<0.05,
¥: vs Endo+ in control at corresponding concentration of acetylcholine by Student t-test, P<0.05.

Table 3. Effects of Halothane and Sevoflurane on Nitroglycerin Induced Tension Changes in Rabbit Aortic Rings

Nitroglycerin(M)
10° 10® 107 10°¢

Control

Endo+(5) 96019 67.8+2.3* 18.8 3.3 8.811.5%

Endo —(5) 99.5+0.5 70.1£1.8* 17.4+2.9*% 7.8+£1.5*
2% Halothane

Endo + (6) 99.5+0.8 67.2+10.9* 2231 12.4* 10.7 +8.7*

Endo—(6) 99.8+0.5 69.0£10.1* 21.4£9.8* 10.3£7.8*%
4% Sevoflurane

Endo + (8) 952+4.5 63.1£12.0% 176 11.1* 3.6+ 10.6*

Endo — (6) 97.1+3.7 71.0t£11.5% 20.7£15.3* 74%142

All the values are percentile changes of norepinephrine 10™M induced tension and represent Mean+ SEM. () represents
number of measurements. Endo+ and - represent intact and denuded endothelium, respectively. *: vs control
value(100%)of 107 M NE induced tension by repeated measured oneway ANOVA, p<0.05. No significant difference
among groups at corrresponding concentration of nitroglycerin, P>0.05.

2) Halothane 2 vol% 9 sevoflurane 4 vol%J} O]
2] WO{E MENOIM NE 10'MZ £&AZ #
Ach(10° - 10° MO QI SZ-AO| ety
0ixje A%

F4ulz AE vig] FoleAl g2 dzRFA

NE(107 M) &% Ach(10*-10° Mol 2j3 2g
e WS AEs Exishe BolAE FxEol wlel
sto] olghelE FAE Hon WSHEs ALY
PolAE A9 W3jst gllet

ay s AE7 Exste "W@ollA] halothane 2
vol% 9} sevoflurane 4 vol% Ach(10%-10°M)ol] &3}
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Percentile changes of tension
*

100

1 1

H1 or S2 H2 or S4
Concentrations of anesthetics

Control

—6—Halothane, Intact Endothelium

—e—Halothane, Absent Endothelium

—A—Sevofiurane, Intact Endothelium

—&—Sevoflurane, Absent Endothelium
Fig. 4. Percentile changes of tension in 10’M NE pre-
contracted rabbit aortic rings during the administration of
halothane or sevoflurane. Hl, 2 and S2, 4 represent
halothane 1%, 2%, and sevoflurane 2% and 4%, re-
spectively. Tension developments due to NE of the
legends in series averaged 2.52 +0.27g, 2.84 +0.40g, 2.66
+0.28g, and 2.79+0.43g, respectively. Data are plotted
as the meant SEM. See table 1. for detailed statistical
comparison.

o FEol widaf4 elgsle FA4E Eond, d
273} vZdte] Acholl 23 olk HEE AAlslH
oo FolHA7Ee Kol Helx] ¢kgkel. s AE
7t AAR Bl He Fuid Al 25 Ao Wi
7} 9l9lch(Table 2 9} Fig. 2, 5).

3) Halothane 2 vol% 9 sevoflurane 4 vol% 7} O|
2| Wo{E AEHOIM NE 107 M2 $£ZA|1Z] £
NTG(10°-10° M)l 9i8t EST-A39| wsjol
Oz A&

tHZ2 72 halothane 2% 9 sevoflume 4%°] w|g]
Foifl AT 25 JIAE EA §Fo Al
o] & HEFE NTG2 sXxol ulellsle] o| st

120

Percentile changes of tension

L

5x10™* 1077
Acetyicholine(M)

1 L I
0 10°* 5x107 107

——Control, Intact Endothelium
—e—Control, Absent Endothelium
—o—Halothane, Intact Endothelium
—e—Halothane, Absent Endothefium
—A—Sevofiurane, intact Endothelium
—i—Sevofiurane, Absent Endothelium

Fig. 5. Effect of halothane 2% or sevoflurane 4% on
Ach-induced relaxation of 10'M NE-contracted rabbit
aortic rings. Tension developments due to NE of the
legends in series averaged 2.751.0.11g, 2.28 +0.19g, 3.98
1+0.40g, and 3.91 £0.36g, 2.99 +0.43¢g, and 3.04 +0.24g,
respectively. Data are plotted as the mean* SEM. See
table 2. for detailed statistical comparison.

oo, Wol g8, dzEd AYPe wa gy Mg
o) AEE Aol7k 1hA| gigkrk(Table 3 9 Fig. 3,
6).

nl &

¥ oz FYubH Al AGTAll AAE&o)
Qe Aoz ogEiA $'™. 19621 Price9} Price'”
+ halothane®] 242 €y HY 2 adrenergic F
EAell 2 g4t Radgs], g3 @l
4]9] norepinephrineol] 2]&F H}-3-2 halothaneol| 23}
2} A= ARt NE## halothane®] 42 4wkl 23z
e UM FETEYRPoz duo] YTt o
det”. 198790 Larach £'®2 halothaneo] ¥ g
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120+

100

80-

Percentile changes of tension

i
0 10~° 10 1077 i0°®
Nitroglycerin(M)

—#— Control, Intact Endothelium
—&—Control, Absent Endothelium
—e—Halothane, Intact Endothelioum

—e&—Halothane, Absent Endothefium

—A—Sevofiurane, Intact Enc. helium

—i—Sevoflurane. Absent Endothelium
Fig. 6. Effect of halothane 2% or sevoflurane 4% on
NTG-induced relaxation of 10'M NE-contracted rabbit
aortic rings. Tension developments due to NE of the
legends in series averaged 3.69 ~0.28g, 3.34+0.18g, 2.96
+0.3 1g, and 3.20+0.46g, 3.19 +0.56g, and 4.05+0.43g,
respectively. Data are plotted as the mean = SEM. See
table 3. for detailed statistical comparison.

TWoll Exlsl= al Y a2 adrenergic 8ol m)
X 28-S WEE vl halothanee A EL] Ca"o]
43 HETAZTHRS] 4l 93 T B-F2 e
Sl #edsles 02 FEAY AL o
AXF| A7 AEWH Ca” {elol Fodsls o1 58
Aol &t ZLolle AYE nixA ¢kgs V)
ok dH F#oll HHEE sevoflurane-2 halothaneo]
1} isofluraneol] vl 4™ A o 4|2t Lo] 7—17‘?‘4“’
B AYg Yol BYEY FE =7

A7 IHE & isofluraned} vlE Ao c%_}-a;‘;q
Aek”. 22y YR A EoA Gl endothe-
lium-derived relaxing factor(EDRF)7} & o]glol &
23 A%g dohe AA%] 983 X halothane&

(coupling)®k

Z7AAA wekPot o4 acetylcholine 2]
muscarinic 288 A F ofvz}t et Bl ¥
94| Al acetylcholine % oFul@} muscarine <=8 Aol|
2+4-81% 9= bradykininoll 9Jgh o] 2zt &2 <Al
Z| gk nitroglycerin®] o] k2t 8- o #is}z} k] wiE
ol halothane®} 21-82-9]:= EDRF7} A== H9uv
43 FEIHIHS -GMPe] A4l Hojshe A
o2 AZsigch g W AEdde g
E49 A+ EE prostagladin, EDRF, hyperpolar-
izing factore} 72 HHo|AEA ¥ oY}l endo-
theling} Z+-2 HJFLZEAE felzle Aoz o4
AUk wheba FAuk A7t A A Eo] ]z
g2 vlS ohfgt v1Fez gekg uld Aoz
A7+t Stoned} Johns™E e tEwWelA ¥4
vk Ale] S| we)l AFEede FFe] 4ty
3L koA o]lgte] ZElH Tk, olu] Aol
Aol &L WXt Exste "ol Aut vt
t}3 indomethacinol] 2J&) o] & ZPx|maz
e Al ol oJgt 2807 B7Hslal prostaglandin ¥
HolE @ol® Folzhw Herh 2 ATeldi
halothane 2%} sevoflurane 4%+ W7} ZEzuli=
&) ol A acetylcholineol] 2]%} o}2t-S 2Alslgli 1
AEE vlx2slgdew F vl A 25 nitroglycerinol]
o)gt o]l E-2 Al kg ¥ ohvz Uy
Z2} Fastdc). wlhelA] halothane®} sevoflurane-S
B2 22 AR WHIAE 2%t o|ehs At
+ A2 Az, B dAFedes #84 b9z
| (receptor independent), W3] A E 2] &3 (endothelium
dependent) @ W o] 4A|Q) calcium inophore A231870]
1} ionomycinoll 23 ¥} Aol ux]e AL HF
BE Uk "3 HATn g3 A ENA
2] #-E-H(hyperpolarization) 7}7] o}E o=
Aestedl F 9% FgZel BEIFEAE G F
o] oAM=lo] Hf o]tz o] vjehtxn €t
AAE7 I Ca Fde] Fvlslo] MEY
Ca"o| Z7}sle] EDRF ¥4 F2l7t F7lsto] ®n
HgZol olgglch iy} halothaned ATAHEg}
Ha HP2¥ol|4 Ca” A 2] 25-% Z (voltage  oper-
ated channel, VOC)2] <% Zgzto] gl 23l
AAT €8 WA Eell= VOCIE EAlslA] oo
29 s A Eof| A2l 48 M2HE-F 2 (receptor oper-



w17 el o 491 : Halothane, Sevoflurane®} HFHEYF 48 15

ated channel, ROC)oll Zt§-3lo] Ca™ #%U& HallY
+ 98 Aoz AzEd aglan ZF FYulH Al
il oA EE Uggeri®s] 2|3l isofluraneo] hal-
othane ©]i} enflurane 2t} o] Azt go] ©] Bk
o 3ol whel 2 dF oA halothane®} sevo-
flurane2 xpoj7} 1}A] ¢kgtow halothaned} sevo-
flurane 2 W7} EAsIAY AA" Er dHEH
EEo4 NESZ vwlg] F£ZFAZ Al FEd
vlglstel £3EE Y F AUt =27 FAH
ol Aol veh}R] 2kgEA|E halothane A5 ol
Ae W7t Edfsls 838, EEAE W7t
AAL #-g o FHAF 2}, sevoflurane A5
59 155 BE WHAEs EXste g3e] ¢
S FEsE AL BAHAL ol FUvHA
Wl A Eol] izl 2 E2lols Ef/ FHZo 2§
st} FE2E-E 3t RE AT 7 ot gt
Hog FUniAAs HE oA ckE A4
AntElglel. olgl whg-o Xole AAubEF ¥
Ao A9 whgo] tt2A veld & Ux 4¥
ol wEldE HAFE, YBEH, §¢ TEA
5% 9 8%, A sEFl wel Xolrt
& e = 72 50 mM KCIZ vlg] 247
# o] FH HEwoA] halothane, enflurane I iso-
flurane& 5 WA X §Fol FAgle] o]k
<% Hyra ste] B Q79 4wt ARE B

C A 59 A dEWolA sevofluraned o] 2
U8 Hoirka siA ojule KCIZ FFE Al
# time control2 A#el Zvlalgcli slelz, =3

£ HyoAde WaAEs A Ev AAY B
719l tEuhE phenylephrine® & F&HA|7) ¥ 25 %
halothane-2 & 108l 10%2] &5 A7 30
22 AR A3 oldetglckn™® stgich aEhy
2 oAFZdAE NELZ $£%AF] ¥ time control
A F FHe olgt K& FHE HY7d B
el oid wizx|hat W2 E 3 time
controlel] ¥t BAH-2 #1A gok& ¥ otde, 10-15
B #YuAAE Foisisizlol 33 ok o
AH(biphasic) ¥4 BAsA Eaigich 9 HES
FZo oG Ca” F7hE AELE TG C7 &
Y3t A X ZEEA] M=o} Y- Cao Fel
o o8 o]Fo] #c}”. Halothanee FAZV E

o o e

el dERNER NN TEEAZ BElQ G &
g F7HIA FFHo] Hode Adel IR
7 §'9¢ sevoflurane® F < thEHollA HEuhe
TAEEINE HE Ca"9 f2EE FAAPoEH o
ol Aeletx AZsigle}. ol VAL Su Fl
S8 enfluranedl| A= WA= Evl 30nM2] NE2
2 $24 B9 nfddde £5%& BRYn o
EWAE 528 Ho|A g5t7|ol enfluraned &
AFAZ R G 8 ¥ ol AEHes
Hele $9 AAFEE gk ek a8 ¥
FAaziel BE ot FUuH A wE HEY
dAE ZAEAVL Auldoer FHAA EAslo
Yageo] TAZANZ Bele) Ca” feldl &3}
Al Ha Fel AL Ay oA TLEA
Zo] ZHolA MEutog FE Q) Ca” §oll &3}
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